In the cat, the e.e.g. of the neocortex and the hippocampus and the cortical evoked potentials to central sensory pathway stimulation seen during Althesin anaesthesia were compared with those seen during barbiturate anaesthesia. During Althesin anaesthesia the neocortical e.e.g. displayed spindle-like activity, which was similar to that seen during barbiturate anaesthesia. Although both Althesin and pentobarbitone blocked arousal theta waves of the hippocampal e.e.g., remarkably high-amplitude spikes which were not seen during pentobarbitone anaesthesia appeared in the deep stage of Althesin anaesthesia. Althesin and barbiturates caused similar changes in the cortical evoked potentials. During light anaesthesia they showed wide variability of amplitude and in deeper anaesthesia they were markedly depressed. However, the postsynaptic components of the potentials were conversely enhanced in very deep anaesthesia when the e.e.g. was flat. Although Althesin and barbiturates cause different e.e.g. changes in the hippocampus, their depression effects on neocortical activity seem to be very similar.
There are two appropriate methods for the neurophysiological evaluation of a new anaesthetic. One is to integrate the observations of the effects of the anaesthetic on such phenomena as cortical and deep e.e.g., evoked potentials, single unit activities and/or membrane potentials. The other method is to compare the anaesthetic with another which has been adequately studied by previous workers. Our previous study on ketamine anaesthesia was performed in the former manner (Kayama and Iwama, 1972) but the present study of Althesin anaesthesia employed the latter method. Like many workers (Bellville, Howland and Boyan, 1956; Winters and Spooner, 1965; Miyasaka and Domino, 1968) we chose barbiturates for comparison. Using cats under no restraint, the effects of both Althesin and barbiturates, given i.v., on the e.e.g. of the neocortex and hippocampus and on cortical evoked potentials to electrical stimulation of the central sensory pathways were studied. It was found that Althesin depressed the cortical electrical activity, and has effects similar to barbiturates, although some differences were found in the effects on the hippocampus.
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METHODS
Thirty-five experiments were performed on seven cats prepared for long-term recording of electrical activity of the neocortex and hippocampus. Using pentobarbitone anaesthesia 30 mg/kg, intraperitoneally, each cat was positioned in a stereotaxic apparatus. Small stainless steel screws were fixed to the skull overlying the sensorimotor and visual cortices. A parallel bipolar needle electrode of insulated stainless steel was placed in the dorsal hippocampus at a depth which evoked high-amplitude seizure discharges. In five cats bipolar electrodes of the same type were placed in the optic chiasma and optic radiation. The positioning of the chiasmal electrode was determined by observing potentials evoked by flash stimulation of the eyes. Using potentials evoked by electrical stimulation of the chiasma, the radiation electrode was positioned. In two cats bipolar electrodes were placed in the medial lemniscus. The electrode position was determined by observing potentials evoked by electrical stimulation of the skin of a paw. The chiasmal, radiation and lemniscal electrodes were used for stimulation to produce cortical evoked potentials. All deep electrodes were fixed to the skull with dental cement.
To administer the anaesthetic intravenously, a polyethylene catheter (diameter 1 mm, length 15 cm) was inserted into the external jugular vein and led to the head underneath the skin. A syringe needle was connected to the end of the catheter and fixed to the skull with dental cement. The catheter and needle were filled with heparin. After allowing at least two days for recovery from the operation, studies of the effects of the anaesthetics were begun. The cat was placed in a box (60 X 50 X 50 cm) with an observation window and it was allowed to move about freely. For stimulation of the optic chiasma, optic radiation or medial lemniscus, electrical pulses 0.05 msec in duration were applied at various intensities. The e.e.g. and evoked potentials were led to R-C amplifiers (RB-2, Nihonkoden) and then to an oscilloscope (VC-7, Nihonkoden) in conjunction with a pen-recorder (WI-380, Nihonkoden). The e.e.g. was recorded on paper with a time constant of 0.3 sec. Evoked potentials, displayed on the oscilloscope screen by a rapid sweep with a time constant of 0.01 sec, were photographed.
The doses of Althesin administered intravenously were either 0.05 ml/kg or 0.1 ml/kg. Each ml of the drug contained 9 mg of 3a-hydroxy-5a-pregnane-ll,20-dione and 3 mg of 21-acetoxy-3a-hydroxy-5a-pregnane-ll,20-dione. The intravenous doses of pentobarbitone and thiopentone were 5 mg/kg. In some experiments large doses of Althesin or pentobarbitone were administered slowly with a continuous infusion pump (Harvard Model 902) to obtain records of very deep stages of anaesthesia. When the same cat was studied on more than one occasion, at least one day was allowed for recovery between experiments.
RESULTS
Figures 1 and 2 were recorded from the same cat. Figure 1 shows e.e.g. changes from the sensorimotor cortex (SMC) and the hippocampus (HEP) induced by Althesin (0.05 ml/kg, i.v. as a single dose). E.e.g. changes started about 10 sec after commencing the injection. About 2 sec later the animal fell down in a comatose state. As the effects of Althesin began to appear, the desynchronized arousal e.e.g. of the sensorimotor cortex (top tracing, left) changed to spindle-like activity. Intraspindle wave frequency, which was described by Andersen, Andersson and L0mo (1967) , was lowest at 30 sec to 1 min after administration, and became higher for the next 2 min. The spindle-like activity lasted continuously for several minutes and then Pentobarbitone io sec after i.v.
FIG. 2. E.e.g. of the sensorimotor cortex (SMC) and hippocampus (HIP) after i.v. administration of pentobarbitone (5 mg/kg). Changes in e.e.g. began 10 sec after commencing administration (shown by arrow).
After 60 min the hippocampal e.e.g. had not recovered completely.
was suddenly replaced by fast waves (middle tracing, right), when the animal showed some movements of head or extremities. Thereafter, spindles appeared recurrently until they finally disappeared about 60 min after administration (bottom trace). In this case the animal could stand up after 11 min, but would again lie down whenever the spindles were seen in the e.e.g. In the hippocampal e.e.g., arousal theta rhythm was blocked by Althesin. Sometimes during the course of recovery there appeared rhythmic waves with much lower frequencies than theta waves (middle trace, right). The arousal pattern returned later than the fast waves of the neocortical e.e.g.
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BRITISH JOURNAL OF ANAESTHESIA Figure 2 shows the e.e.g. during pentobarbitone anaesthesia. The onset of the effects of pentobarbitone (5 mg/kg, i.v.) on the sensorimotor cortical e.e.g. was very similar to that of Althesin; lowvoltage fast e.e.g. (top tracing, left) developed into spindle-like activity. Later, large slow waves of delta frequency intermingled with spindles appeared; this could not be seen during Althesin anaesthesia (bottom row, left).
As with Althesin, following pentobarbitone administration hippocampal theta waves were blocked and rhythmic waves slower than theta waves appeared in the course of recovery (60 min). However, slower rhythmic waves were also observed during induction of pentobarbitone anaesthesia (top trace) which might be the result of delayed effects of pentobarbitone.
Though not shown in the figures, e.e.g. changes similar to those of Althesin were seen after thiopentone administration (5 mg/kg, i.v.) as evidenced by: (1) appearance of spindle-like activity in the sensorimotor cortical e.e.g.; (2) lowest intra-spindle wave frequency 30 sec to 1 min after administration; (3) sudden replacement of the spindle-like activity with fast activity during recovery; (4) blocking of theta waves of the hippocampus; (5) appearance of rhythmic waves slower than theta in the recovery course. Appearance of the cortical fast activity during recovery was earlier with thiopentone anaesthesia than with Althesin or pentobarbitone anaesthesia. Figure 3 shows the e.e.g. at various depths of anaesthesia, light to very deep, which were recorded during slow infusion of large doses of Althesin or pentobarbitone. Those obtained from two cats (I and II) are shown. Dose rate and duration of administration of Althesin was 0.1 ml/kg/min for 10 min in example I, and 0.14 ml/kg/min for 7 min in example II. The dose rate and duration of pentobarbitone administration was about 1.2 mg/kg/min for 30 min in both cases. In all experiments, after stopping infusion of Althesin or pentobarbitone, the e.e.g. recovered completely in the reverse order to that seen during the deepening of anaesthesia.
As Althesin anaesthesia deepened, the e.e.g. of the sensorimotor cortex first showed continuous spindle-like activity. Thereafter, high-amplitude waves became few and low waves remained, finally disappearing. When spindle-like activity of the sensorimotor cortex became irregular, sharp highamplitude spikes appeared in the hippocampal e.e.g. These spikes remained on the e.e.g. after the fast components and then all other waves of the e.e.g. had disappeared.
Though not shown in the figures, when the same total dose of Althesin as in case I was infused more slowly (0.025 ml/kg/min, for 40 min), deepening of anaesthesia as shown by e.e.g. changes stopped at a level which was similar to that of the 2-3 min records of figure 3, and the e.e.g. never became flat. This is probably the result of limited accumulation of the drug because of relatively rapid metabolism or excretion.
In both cases I and II infusion of pentobarbitone was continued to the depth of anaesthesia at which the e.e.g. of the sensorimotor cortex showed the same degree of flattening as with Althesin in each case. In case I, during the process of becoming flat, the cortical e.e.g. showed mainly spindles, while in case II there appeared more large slow waves. Though intra-spindle wave frequency became low, spindles remained in the relatively deep stages of anaesthesia. The most conspicuous difference between anaesthesia induced by Althesin and pentobarbitone was observed in the e.e.g. of the hippocampus in the deep stages of anaesthesia. Spikes in the hippocampal e.e.g. were less prominent during the deepening of pentobarbitone anaesthesia than during Althesin anaesthesia. Furthermore, during the deep stage of pentobarbitone anaesthesia the disappearance of spikes was much earlier than that of low-amplitude slow waves, which was the reverse of the relationship observed during Althesin anaesthesia.
Figures 4 the evoked potentials are essentially consistent with those described by previous workers (Malis and Kruger, 1956; Schoolman and Evarts, 1959) . It is thought that the amplitudes of the mnYimal positive wave (downward) and the following negative wave (upward) reflect the intensity of postsynaptic activity of the visual cortex (Widen and Ajmone Marsan, 1960; Walsh and Cordeau, 1965) . Figure 4 shows the potentials in various stages of Althesin and pentobarbitone anaesthesia, light to very deep. These potentials were recorded in the same experiments as case I of figure 3. The changes in potentials during Althesin and pentobarbitone anaesthesia were quite similar in the following ways. First, there appeared large variability in the amplitudes of the postsynaptic activities. Then the variability decreased and the amplitudes of the postsynaptic activities became low. As the anaesthesia deepened and the spontaneous e.e.g. gradually flattened, the postsynaptic activities conversely became larger.
In figure 5 , after single dose administration, the similarities between the effects of Althesin and pentobarbitone on the evoked potentials can be seen. Suppression of the evoked potentials was strongest 30 sec to 1 min after administration, after which time great variability of the potentials appeared. Changes in the evoked potentials during thiopentone anaesthesia were quite similar to those seen during Althesin or pentobarbitone anaesthesia. Figure 6 shows the effects of Althesin on the potentials evoked in the sensorimotor cortex by single-shock stimulation of the medial lemniscus, which is known to have similar properties to chiasma-induced visual cortical potential (OC-VQ (Favale et al., 1965) . This potential was also first suppressed by Althesin and then great variability of the potentials appeared, when the negative wave of some potentials shifted towards longer latency. 1 and 2 ) the e.e.g. of the sensorimotor cortex during initial periods of pentobarbitone anaesthesia were similar to those of Althesin. During some stages of pentobarbitone anaesthesia the sensorimotor cortical e.e.g. showed large slow waves intermingled with spindles, which could not be seen in any stage of Althesin anaesthesia. This may be the most notable difference between the effects of Althesin and pentobarbitone on the neocortex. However, thiopentone, the structure of which closely resembles pentobarbitone, did not produce the stage of anaesthesia characterized by large slow waves either. Therefore, the presence or absence of the stage of large slow waves cannot be an essential difference between Althesin and barbiturate anaesthesia.
Various experiments related to brain function have also revealed the similarities of the effects of Althesin and barbiturates. These experiments were concerned with cerebral blood flow and cerebral oxygen uptake (Pickerodt et al., 1972) , intracranial or cerebrospinal fluid pressure (Turner et al., 1973; Takahashi et al., 1973) and response to painful stimuli (Morgan, Whitwam and Page, 1973) . Winters et al. (1967) classified various anaesthetics into two categories, depressant and "hallucinatory and epileptoid". According to their definition, both Althesin and pentobarbitone should be classified as depressants.
However, with regard to their effects on the hippocampus, Althesin and pentobarbitone showed some clear differences, especially during deep stage anaesthesia ( fig. 3 ). This fact shows that an anaesthetic may not act uniformly on various structures of the central nervous system, and even if Althesin depresses neocortical function, it cannot be concluded that Althesin is a "general" depressant of the central nervous system. Moreover, the high-amplitude spikes which were seen in the hippocampal e.e.g. in deep stage Althesin anaesthesia may represent seizure-like activity for, according to Heuser (1967) , some steroids cause convulsive activity.
We conclude that Althesin possibly depresses neocortical function in a similar manner to barbiturates, but Althesin and pentobarbitone seem to have different effects on the hippocampus in deep anaesthesia.
Finally, it should be noted that the postsynaptic activity of the visual cortex became enhanced in very deep stages of both Althesin and pentobarbitone anaesthesia. This phenomenon has not been reported before. With the possibility that a reduction in arterial pressure in very deep anaesthesia reduces cerebral blood flow (Pickerodt et al., 1972) , the enhancement of postsynaptic activity could be similar to the phenomenon of hypoxic activation, which can be seen transiently during the initial periods of hypoxia before electrical activity disappears (Baumgartner, Creutzfeldt and Jung, 1961) . However, this concept may not be valid, since it requires that when postsynaptic activity is enhanced by the hypoxic activation, spontaneous desynchronized e.e.g. must also increase in amplitude (Kayama, 1974) . Clearly in this study the amplitudes of the spontaneous e.e.g. decreased rather than increased. Therefore, this phenomenon still cannot be adequately explained by hypoxic activation or any other known mechanism.
